THE electrocardiogram in patients with
tetralogy of Fallot usually shows right axis deviation and right ventricular hypertrophy. After creation of a systemic-pulmonary artery anastomosis, the work of the left ventricle increases, usually accompanied by a corresponding increase in the pattern of left ventricular loading." 2 Following openheart surgery, with closure of the ventricular septal defect and relief of the pulmonary stenosis, the load on the right ventricle decreases. Since main branches of the conduction system of the heart are located in the vicinity of the intracardiac defects, damage to the conduction system is often unavoidable. Electrocardiography offers a sensitive method for the study of resultant conduction disturbances.
This paper presents a brief analysis of the changes in the electrocardiogram following corrective surgery for tetralogy of Fallot. The clinical data of the patients and the operative results have been published previously.3 4 
Material and Methods
The series comprised 146 5 and 20 years of age at the time of operation. The follow-up time was less than 6 months in 29 patients and 6 months to 5 years in 79 patients.
All electrocardiograms were taken under the same conditions with a Sanborn direct-writing electrocardiograph. In each case, the following leads were recorded before and after surgery: I, II, III, aV1R, aVL, aVF, and V1 through V6. Ad- ditional precordial leads were recorded when indicated. As a rule, at least three cardiac cycles were studied and from these the average measurements were derived in tabular form. Calibration corrections were applied, if necessary, for accurate standardization (10 mm. -1 mv.) .
In each case, the electrocardiograms were analyzed for rate, rhythm, and mean frontal plane QRS axis. The amplitude of the P wave and the P-R interval were derived from lead II. The Q wave, QRS complex, ST segment and T wave were analyzed in each lead. Particular attention was directed to the pattern of the QRS complex in right and left precordial leads. In the presentation of the results only significant changes in the electrocardiogram will be discussed.
Temporary i ! I , I r l I . r l } l l F l l i l ; ; ; j ; sil!l: .'iG l -*sG =1 ns ffi = : X 2 . w 2 . : : Preoperatively the electrocardiogram showed right axis deviation and right ventricular hypertrophy in most cases. A balanced axis and evidence of combined ventricular hypertrophy were more common in acyanotic patients and in cyanotic patients who had had previous shunt procedures. Some of the cyanotic patients without a previous shunt, however, showed biventricular hypertrophy; in some of these there was a mild degree of pulmonic stenosis, and as a group they are comparable to the patients described by Pileggi and associates. 8 One may hypothesize that in the other patients with severe pulmonic stenosis, the good left ventricular potentials were related to a good collateral circulation. These interesting variations in the electrocardiographic pattern seem to be consistent with the prevailing anatomic and hemodynamic conditions in the different groups of patients. Similar observations have been made by other investigators in electro- The postoperative right ventricular conduction defects have not caused any symp-TOTAL CORRECTION OF TETRALOGY OF FALLOT toms or discomfort to the patients. Although the defects persisted in all cases, the vast majority of the patients were leading a perfectly normal life at the end of the follow-up period, up to 5 years after surgery. The longterm outlook of these blocks is not yet known but it is hoped that it is different, and possibly much better, than the prognosis of acquired right bundle-branch blocks due to other causes such as coronary artery disease.
Summary
The material comprised the data of 146 patients with tetralogy of Fallot treated by corrective intracardiac surgery. Electrocardiograms were recorded in all cases before and in 108 cases after operation. The majority of the patients were between 5 and 20 years of age at the time of surgery and have been followed for an average of 1.5 years.
Arrhythmias, mostly extrasystoles, were recorded in eight cases before operation and in 14 cases on the last follow-up examination. The amplitude of the P wave in lead II decreased by 1 mm. or more after surgery in one third of the cases.
Seventeen patients developed complete AV block postoperatively, seven died; of the 10 who survived operation, in all but two the electrocardiogram reverted to normal sinus rhythm.
The electrocardiogram showed right axis deviation and right ventricular hypertrophy in the majority of cases. A balanced axis and signs of combined ventricular hypertrophy were commonest in acyanotic patients and more common in cyanotic patients who had had previous shunt procedures than in cyanotic patients who had had no previous shunt. Two patients showed electrocardiographic signs of left ventricular hypertrophy. After corrective cardiac surgery, the mean electrical axis and the pattern of the QRS complex in V1 and V6 changed toward normal in the eight patients in whom intraventricular conduction defects did not appear and in the 26 patients with incomplete right bundle-branch block.
Two of nine surviving patients in whom a small coronary artery was divided at surgery Circulation, Volume XXXI, Ma-rch 1965 developed the pattern of myocardial infarction in the postoperative electrocardiogram.
Conduction disturbances frequently appeared during operation; they were considered to be caused mainly by direct trauma to the conduction system during closure of the ventricular septal defect or during infundibulum resection. Complete right bundle-branch block appeared in 74 (69 per cent) and incomplete right bundle-branch block developed in 20 (19 per cent) of surviving patients. Only eight patients showed no disturbances of conduction after surgery. The right bundle-branch blocks persisted throughout the follow-up period. The conduction disturbances have not adversely affected the postoperative course, nor have they caused any discomfort to the patients.
